Background-The goal of this study was to determine the relationship between all-cause, risk-adjusted, in-hospital mortality after coronary artery bypass graft surgery and the proportion of preventable in-hospital deaths as a measure of quality of care at an institution level. Methods and Results-We conducted a retrospective analysis of 347 randomly selected in-hospital deaths after isolated coronary artery bypass graft surgery at 9 institutions in Ontario over the period of 1998 to 2003. Nurse-abstracted chart summaries were reviewed by 2 experienced cardiac surgeons who were blinded to patient, surgeon, and hospital and used a standardized implicit tool to identify preventable death. A third reviewer reassessed all cases in which the first 2 reviewers disagreed. Rates of preventable deaths were estimated for each hospital and compared with all-cause mortality rates. A structured adverse event audit completed by each surgeon-reviewer was used to identify quality improvement opportunities for the preventable deaths. A total of 111 of 347 deaths (32%) were judged preventable despite a low risk-adjusted mortality range (1.3% to 3.1%) across hospitals. No significant correlation was found between all-cause, risk-adjusted in-hospital mortality rates and the proportion of preventable deaths at the hospital level (Spearman coefficient, Ϫ0.42; Pϭ0.26). A large proportion of preventable deaths were related to problems in the operating room (86%) and intensive care unit (61%). Many deaths were associated with deviations in perioperative care (32% based on concurrence of 2 reviewers, and another 42% in cases in which 1 reviewer reached that opinion).
I n recent years, hospital report cards have become popular as a tool for promoting improvements in quality of care. These reports commonly monitor outcomes such as in-hospital mortality that are salient to patients and providers, are readily measured, and can be compared at the physician or institution level through the use of risk adjustment methodology. 1, 2 On the basis of comparisons to average performance in a peer group, providers are then identified as statistical outliers. This paradigm, however, has 2 basic problems. First, it is never clear how many of the deaths associated with an outlying provider are preventable. Second, compared with a handful of outlier providers, the total number of preventable deaths may actually be much higher if cumulated across the majority of nonoutlier hospitals or providers. The latter concern underpins arguments that quality of care is best enhanced by dealing with all institutions rather than isolating and addressing outliers.
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Assessing the preventability of adverse events is not a new concept. Hospital morbidity and mortality rounds have long been used as internal mechanisms to evaluate adverse events but have been criticized for lack of rigor. Moreover, critics have suggested that these rounds often ignore available evidence and best practices, in part because physicians are ineffective at self-audit owing to lack of insight, fear of embarrassment, or reluctance to admit errors. 3, 4 More structured reviews have therefore been initiated that aim to determine the preventability of adverse events by identifying problems with processes of care and then judging whether these problems contributed to the poor outcome. For example, preventable death rates have been defined as the fraction of the all-cause mortality that could have been avoided if optimal care had been delivered. 5 Implicit standardized chart reviews have been used to identify preventable death. [5] [6] [7] US Peer Review organizations and published adverse event audits have similarly applied and refined such methods in monitoring quality of care. [7] [8] [9] [10] [11] In Ontario (population, 12 million), in-hospital, all-cause mortality rates after coronary artery bypass graft (CABG) surgery have been publicly reported by hospital for many years. Risk-adjusted mortality rates since 1995 have been low (Ϸ2%), 12 and institutional outliers have been rare, a situation often attributed to the fact that CABG surgery in Ontario is regionalized with no low-volume providers (yearly institutional volumes Ն400). 13 The present study therefore assessed the relationship between all-cause, risk-adjusted, in-hospital mortality after CABG surgery and the proportion of preventable in-hospital deaths as a measure of quality of care at an institution level. We hypothesized that all-cause mortality might not correlate with preventable mortality, thus limiting the utility of hospital report cards to detect significant quality-of-care problems. A secondary objective was to identify whether specific patient factors predicted the occurrence of a preventable death.
Methods

Target Population, Study Design, and Sampling Strategy
Each cardiac surgery unit in Ontario agreed to participate in the study, and ethics approval was obtained from each hospital separately.
We identified patients undergoing isolated coronary artery bypass surgery in Ontario between April 2000 and March 2002 using both a well-established surgical registry (Cardiac Care Network of Ontario) and hospital discharge abstract data (Canadian Institutes of Health Information). We randomly sampled up to 40 in-hospital postoperative deaths for 8 hospitals and 27 consecutive deaths at a new cardiac surgery program. As needed, additional consecutive cases to achieve a sample of 40 deaths per hospital were reviewed from fiscal years 1998 (nϭ3), 1999 (nϭ31), 2002 (nϭ63), 2003 (nϭ13), and 2004 (nϭ4) for hospitals with lower case volumes (240 to 550 cases per year), unavailable charts, and/or low mortality rates.
We calculated our sample size so that the width of the 95% confidence intervals (CIs) for the hospital-specific proportion of preventable deaths would be at most Ϯ0.15 in the worst-case scenario of precision for the binomial distribution a baseline preventable death rate of 0.5.
Chart Review Methodology
Hospital charts of each in-hospital death were reviewed by trained nurse-abstractors for baseline demographic and clinical data using a standardized database. The nurse-abstractors were experienced in carrying out chart reviews for cardiovascular disease. A 2-day training session was completed by each nurse-abstractor, and each nurse was required to complete 10 training charts with review and feedback from the principal investigator (V.G.).
The nurse-abstracted chart summary and relevant photocopied portions of the chart were reviewed by 2 cardiac surgeons blinded to the identity of the patient, attending surgeon, and hospital. The cardiac surgeons were experienced staff surgeons and/or division chiefs chosen from each of the participating hospitals. Each surgeonreviewer was trained to apply a standardized implicit tool to identify preventable deaths. Training included a 1-day session, 2 teleconferences, and completion of 10 training charts with review and feedback. Each primary surgeon-reviewer was randomly assigned cases that originated from hospitals other than their home institution. Most primary surgeon-reviewers completed between 70 and 90 cases during the study.
This implicit review tool was modified by use of a consensusbased approach from previous templates applied in adverse event audits, eg, a nationwide project in Canada identifying preventable adverse events, 9 a UK medical review form, 14, 15 a US medical review form, 6 and a form developed for identifying cause of death in patients undergoing CABG. 16 Our tool was uniquely sequenced to follow the clinical path of a patient using standardized checklists to help identify problems in each of the major phases of care: preoperative, operative, intensive care unit, and ward care.
Evidence of preventability was scored on a 7-point Likert scale (ie, an increasing Likert scale score represented an increasing strength of preventability), which was then broken for our primary analysis into a binary outcome with boundaries as follows: (1) Preventability ratings of "none," slight," "modest," and "Ͻ50 to 50" were treated as an unpreventable event; (2) "Ͼ50 to 50 but close call," "strong," and "certain" were treated as a preventable events. These interpretations were predefined, and surgeon-reviewers were aware of the interpretive rubric in advance of reviewing. We also instructed reviewers that the preventability of the death could be judged only from facts available within the chart from the same hospital admission as CABG surgery. For this reason, we instructed reviewers that issues relating to care could be reliably judged only once the surgeon had accepted the patient (called the decision to operate as documented in the chart). Reviewers were advised that the preventable death was defined as a death that could have been avoided if optimal care had been delivered to the patient. We defined optimal care as the best possible care that could be delivered if current resources were operating at peak performance (ie, staff, equipment) in accordance with the best available evidence at the date of the particular patient admission. Reviewers were required to provide a list of quality-of-care problems that contributed to deaths judged as preventable and potential solutions to these problems. We encouraged reviewers to minimize hindsight bias by asking them after each problem listed to reflect on the question, "Would this still be a problem if the patient had not died?"
We instructed surgeon-reviewers to judge appropriateness of the decision to operate using the American College of Cardiology/ American Heart Association class 1 or 2A indications for CABG surgery as a framework. 17 Our reviewers understood that these indications should be applied in the context of a patient's unique operability as assessed by anatomy, clinical status, and comorbidities.
For those cases in which disagreement arose on the appropriateness of the decision to operate and/or whether the death was preventable, a third surgeon-reviewer reviewed both primary physician reviews and the original chart data to provide a final judgment.
The statistical analyses were conducted with SAS software (version 8.2, SAS Institute Inc, Cary, NC). Interrater reliability between the first 2 primary death reviewers was assessed with a standard statistic. 18 The statistic was interpreted as follows: 0ϭnone, 0 to 0.2ϭslight, 0.2 to 0.4ϭfair, 0.4 to 0.6ϭmoderate, 0.6 to 0.8ϭsubstantial, and 0.8 to 1.0ϭalmost perfect. 18, 19 A logistic model predicting in-hospital mortality was constructed using patient demographics and cardiac risk factors for patients undergoing isolated CABG in Ontario to calculate predicted mortality risk as described previously. 13,20 -23 Correlations were assessed with the Spearman rank correlation coefficient between all-cause risk-adjusted mortality and preventability of death or quality-of-care problems identified at each hospital. Risk-adjusted mortality was calculated using the observed mortality divided by the predicted mortality rate for a particular hospital multiplied by the average crude provincial mortality rate. 24 A logistic model was created from the 347-patient data set to determine the predictors of preventable versus nonpreventable deaths. An initial univariate selection of candidate predictor variables (ie, preoperative risk factors commonly used to adjust CABG mortality) was conducted in which variables that were statistically significant at the 0.3 level were retained for consideration in a model derived with backwards variable elimination. The significance level of 0.3 was selected to exclude potential predictors from consideration for inclusion in the final model. As a sensitivity analysis, we also estimated the same logistic regression model using generalized estimating equation methods (with the assumption that the structure of the working correlation matrix was exchangeable) to ensure that accounting for the clustering of patients within surgical center did not significantly change the estimates obtained.
The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written. Figure 1 illustrates the results of the physician review. Fifty-two deaths occurred that both reviewers judged prevent-able. Another 114 deaths occurred that 1 of 2 reviewers judged preventable, and 59 of them were judged preventable by a third reviewer. Thus, 111 of 347 deaths (32%) reviewed were deemed preventable. As a sensitivity analysis, we averaged the preventability ratings of the first 2 reviewers and determined that the mean Likert rating for those cases deemed as preventable at 4.9 (95% CI, 4.71 to 5.07) was significantly different from those deemed as nonpreventable at 2.6 (95% CI, 2.43 to 2.69). Based on 2 reviews, the top 5 root causes of death after isolated CABG surgery were sudden death and/or ventricular arrhythmia (28%; 35% preventable); intraoperative and/or postoperative cardiac ischemia and/or cardiac infarction and/or cardiac failure (20%; 43% preventable); multiorgan failure (21%; 24% preventable); neurological injury, including coma and/or stroke (11%; 31% preventable); and respiratory failure (7%; 22% preventable).
Results
More than 1 preventable cause could be identified for a given death. The majority of the deaths were attributed to problems that occurred in the operating room (86%) or postoperative intensive care unit (61%), with a minority occurring on the ward (15%; see Figure 1 ).
A small minority of deaths were attributed to problems in the timing of surgery (4% of deaths on both surgeon reviews [double review], 15% of deaths on 1 of the 2 surgeon reviews [single review]) and/or the initial decision to operate (2% double review, 12% single review; see Table 1 ). A larger minority of deaths were assessed as showing deviations in perioperative care (32% double review, 42% single review; see Table 1 ). As measured by statistics, mild to moderate agreement between reviewers was present on deviations in care and preventability of death (Table 1) . 18 Figure 2 ) notwithstanding, we found no significant correlation between all-cause, risk-adjusted mortality rates and the proportion of preventable deaths across the 9 hospitals ( Figure 2 ). From the hospital-specific rates of preventable deaths and institutional volumes in the index period (fiscal year 2000 to 2001), we estimate that as many as 107 potentially preventable CABG-related deaths occurred in Ontario (calculated by multiplying the risk-adjusted all-cause mortality rate in fiscal 2000 to 2001 by the preventable death proportion and CABG volumes at each hospital in those years).
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Chart reviewers identified quality improvement opportunities in both preventable deaths and nonpreventable deaths. A higher rate of quality improvement opportunities was identified for preventable deaths in the areas of communication, credentialing, education measures, quality assurance programs, enhanced resources, and retraining ( Table 2) . Concrete examples of suggested improvements identified by physician-reviewers are listed in Table 2 .
Preventable deaths were more likely to occur in patients with a lower predicted operative risk (Figure 3 ). We developed a multivariable logistic regression model to predict the occurrence of a preventable death. The factors in the multivariable model are listed in Table 3 and include factors that may be protective against preventable death such as older age, left main disease, 3-vessel coronary disease, emergent status, and diabetes. A number of these factors also are risk factors for increased operative mortality, illustrating that deaths among lower-risk patients were more likely to be judged preventable (Figure 3 ). The only factor that increased the risk of a preventable death was female sex (see Table 3 ). The discrimination of this model was assessed with the area under the receiveroperating characteristics curve, which was equal to 0.67. The goodness of fit of the model was assessed with the Hosmer-Lemeshow statistic, which was equal to 0.91, indicating acceptable model fit. Double MD Review indicates the proportion of deaths in which both reviewers agreed there was a problem; Single MD Review, proportion of deaths in which only 1 of 2 reviewers identified a problem; and Post Third Review Total, result obtained after those cases in which a problem was only identified by a single MD review were reviewed by an independent reviewer who made a final judgment.
* Value is the degree of agreement beyond chance and is interpreted as follows: 0ϭnone, 0 to 0.2ϭslight, 0.2 to 0.4ϭfair, 0.4 to 0.6ϭmoderate, 0.6 to 0.8ϭsubstantial, and 0.8 to 1.0ϭalmost perfect. 19, 25 
Discussion
This study has important implications for the measurement of quality of CABG care and for the assessment of quality of procedural interventions in general. In our jurisdiction, despite a decade of all-cause mortality report card feedback, some measurable lowering of provincial CABG mortality rates, 23 and a low range of risk-adjusted mortality rates across hospitals, substantial room for improvement still existed, with 32% of deaths judged by experienced surgeons as potentially preventable. Appropriateness of case selection and scheduling of surgery, the first hurdles of quality of care, were minor issues in our region. Instead, the audit indicated that opportunities for improvement primarily involved operating room care and postoperative intensive care unit management. All-cause mortality measures do not provide the level of detail required for targeted quality improvement. Indeed, we found that institution-level preventable mortality rates are not correlated with all-cause risk-adjusted mortality rates. Al-though interinstitutional comparisons of all-cause mortality rates are a convenient and commonly used performance measure in CABG quality reports, such comparisons may actually ignore quality-of-care problems that exist across hospitals in a region. In fact, our review indicated that in 74% of cases, deviations in care from the norm occurred that may or may not have been related to the outcome of death. This indicates that substantial room for improvement exists in the processes of care for CABG patients in our region.
Our study also shows that preventable deaths are more likely to be identified in those patients with lower predicted operative risk. This suggests that one way to focus quality improvement efforts is to look most closely at deaths that are statistically "unexpected," ie, occurring among those who were expected to have uncomplicated postoperative courses and excellent outcomes. However, this observation also may partly reflect an understandable risk heuristic, ie, that among patients deemed at higher operative risk, an adverse outcome is more likely to be attributable to biology than to suboptimal care. This study builds on previous research on CABG quality of care and preventable mortality. 23,26 -29 The Veterans Administration undertook a review of 116 CABG surgery deaths for those institutions with mortality rates twice the mean mortality rate of all hospitals during 1981 to 1983. 30 Its advisory committee identified a substantial number of cases in which suboptimal care, particularly operative care, contributed to adverse outcomes. A smaller study in New York State conducted by the state's Peer Review Organization undertook blinded reviews of cardiac surgical deaths among patients operated on by board-certified specialists. 31 The Peer Review Organization found that 18 of 40 deaths (45%) reviewed from high-outlier hospitals had a quality-of-care problem, whereas 1 of 23 deaths (4.4%) reviewed from low-outlier hospitals had a quality problem. 31 Our study adds to this work by evaluating preventable CABG deaths in a contemporary context in which hospitalspecific outcome report cards had been in routine use for more than a decade. This study is the largest review of cardiac surgery deaths. Among the other advantages of this study are the use of risk adjustment for interinstitutional comparisons, multivariate delineation of predictors of preventable deaths, and a more extensive and consistent review across hospitals with a mixed implicit and explicit audit process undertaken by clinically expert reviewers. Work by the Northern New England Cardiovascular Disease Study Group 32 has shown the value of a collaborative effort to assess quality of CABG using both process of care and outcomes measures.
Measures of preventable mortality have been used to study quality of care in other clinical settings. An audit of 15 000 surgical charts in 28 Utah and Colorado hospitals from 1992 found that 45% of all adverse events were operative with 17% related to a quality-of-care problems. 33 This study was limited by a brief review process conducted by physicians who were not necessarily experts in the specialty under review. 33 A similar adverse event study across medical and surgical specialties conducted in Canada found that 51% of adverse events occurred during surgical admissions, and overall, 37% of these were preventable. 9 The present project differed from these prior studies with its specific focus on CABG and reliance on experienced and expert auditors who would be able to identify and provide solutions to the problems identified with deaths they judged to be preventable.
Our study has a number of limitations. For example, the variability in risk-adjusted mortality rates across hospitals is OR indicates operating room. *Age is a continuous variable. The age odds ratio for 10-year increments is 0.77. We also repeated the model with age included as a dichotomous variable: age Ն70 years, which had an odds ratio of 0.55 (95% CI, 0.33 to 0.90). Left main coronary disease and 3-vessel disease (ie, right coronary artery system, left anterior descending artery system, and circumflex coronary artery system) indicate a coronary stenoses Ն50% in the respective territories; emergent status indicates a patient triaged to require surgery within 24 hours because of ongoing clinical (ongoing angina despite maximal nonsurgical treatment) and/or hemodynamic instability. Diabetes mellitus includes all patients requiring medical therapy to control their blood sugars (ie, insulin and/or oral hypoglycemics).
limited, presumably because of regionalization of CABG provision to high-volume centers and the existence of a long-standing quality improvement system. Conversely, this setting also is representative of the way that modern CABG surgery is organized in many jurisdictions. Furthermore, despite conducting this study in a setting with high-volume hospitals and long-standing outcome report cards, we found that a substantial proportion of the deaths were associated with quality-of-care problems.
A further limitation is imposed by the retrospective nature of the study. We relied on the accuracy and completeness of the blinded chart data provided to expert reviewers for identification of quality-of-care problems. We surmise, however, that more complete documentation would be unlikely to alter the results of our study. (If anything, better documentation might allow greater certainty in assessments and a higher preventable death rate).
A third limitation arises from the inevitable subjectivity of expert judgments. The interauditor agreement was low to moderate as measured by the statistic, a finding consistent with other studies that have carried out this type of review process. 8, 10, 15, 34 However, even our "low-end" estimate of preventable deaths of 15%, based on agreement between the first 2 reviewers, is clinically significant. A recent study suggests that adding a third review would have little effect on estimates of adverse event rates if the first 2 reviewers agree and the event rate is 15% to 30%. 35 Therefore, our low-end estimate of 15% would be unlikely to change with a third review. Whether the "true" rate of preventable deaths is 15%, 32%, or somewhere in between, these findings highlight the importance of ongoing efforts to improve quality of care.
A further limitation arises from the potential for hindsight bias in that the surgeon-reviewers knew that all the reviewed charts were those of patients who had died. On the other hand, our audit tool was standardized with blended implicit and explicit elements; our surgeon-reviewers were committed and carefully trained; and every surgeon was very experienced and therefore well aware of the pitfalls of post hoc criticism of colleagues' care.
Conclusions
Our findings suggest that all-cause, risk-adjusted mortality statistics are unlikely to be either precise or accurate as screening tools for identifying problems with the quality of surgical care at the individual or institution level. Reliance on institutional outcome report cards alone may provide misleading impressions of the quality of hospital care and paradoxically reduce the incentive for providers working in nonoutlier institutions to address suboptimal care. Independent, standardized, expert audits are required to help identify the specific quality problems that exist within and across hospitals and to guide activities that will lead to meaningful improvements in outcomes. We hope our data will provide an impetus for regions to create an infrastructure to initiate similar, detailed adverse event audits, along with quality improvement initiatives to respond to audit results.
